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Abstract of JP2001 052878 
PROBLEM TO BE SOLVED: To provide a 
multilayer structure having high permeability and 
working as an effective electron injection 
electrode by forming a metal layer on an electron 
injector, and forming a transparent layer 
deposited on the metal layer and having a 
specified refractive index. SOLUTION: A 
transparent electrode (multilayer transparent 
cathode) 200 has an electron injector 202, a 
metal layer 204 and a transparent overcoat layer 
206 in this order. The transparent overcoat layer 
206 has a refractive index at 1 .2 or more. 
Material for the metal layer 204 is selected 
among silver, gold, copper and the alloy thereof, 
and since electrical resistance thereof is small, 
area resistance of the cathode can be reduced. 
But, since the metal layer 204 has a high 
reflectance, the transparent overcoat layer 206 is 
used so as to reduce the reflectance of the metal 
layer 204 and so as to improve the permeability 
of the light passing through the cathode. As a 
material for the transparent overcoat layer 206, 
fluoride such as lithium fluoride, oxide such as 
silicon oxide and selenide such as zinc selenide 
can be used. 
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[m&mil (a) ff-fVyii'?. 

(b) mm^>v*t>??)±\z$>z>$tmm. 

(c) mz<&mmo±\zmmt<n. 1. 2w±<^jn?f^$r 

(b) fJf23#©±KISl9tttf Sn7c«^tt7/-h\ 

(c) mRTs--i t m<o±tzj»j&i!tiitiimxxmm&. 

(d) wia*«3fi3ie«iifi#©±K:»i«*n. ftt 

(i) «?-f>5>x** 

<ii)l»B-f>5?xi^©±fc*S&«i. fttf 

(iii) fJtB^Sa©±(C^-A*-H*$n, 1. 2£Ui 
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(b) mmm7i&imm<D±\zMtfi2ntzmm&ytm> 
m^m. 2 tieisossfgjt^tti^^^'f Ho 

[0 0 0 1] 

y -r *- k <t # k ffl t» © ic«= a a« 

[0 0 0 2] 

[«e*oa«] «e*o#***^-f*-H (oled) \*m 

WmW. #fC. ■1>Wl±®>**i'\ t (ITO ) ^7X$ 

*fr*3K»TV»*. *©±5&3iiB«3te#lifi<*tt, Si«# 
±tf^e.n-5>7i7^-<y^ h U •y^XOLEDx-f XT'V'f 

(0 0 0 3] G. Gu mt, MgAgjgJf iOJltAilcftST 
-5 ITO 7 4 S&*8W±«««S#-r*0LED«$6 
teSrSS'&bfc. Appl. Phys. Lett. 68, 2606 (1996) T 
<DG. Gu. V. Bulovic, P. E. Burrows, S. R. Forrest, 
RtfM. E. Thompsons £-5 (Transp 
arent organic light emitting devices) J 

a-T £<h. t#£n&0LEDI;t}f*"l<5 fttftttS 

^MgAg^V- K^^rT^fie^cD^iO ITO 
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CtW^fc. b^b. X/Vy;5"J >^»S (i&0. 
3nm/») tt. {fijaf^&X/Vy^'J >ifntKDfzet> 

[0 0 0 4] iOgjfiTIS, Parthasarathy ^?<hHung^ 
7Ji, MgAgCDftfc) 0 KKg?^ D ->7 - XCuPc) <Z>5$JI£, 
X/t-y^i&fSbfclTO 7w^ACD±lCiHSbfc«ibViS 
9!±«««*ift«*Abfc. Appl. Phys. Lett. 72, 21 

38 (1998)T£>G. Parthasarathy, P. E. Burrows, V. 
Khalfin, V. G. Kozlov.&tfS. R. Forrest \Z&Z>, 
10 rmm¥m&m?<D&m7V-t)V— b* (A metal-free 

cathode for organic semiconductor devices) J 
tAppl. Phys. Lett. 74, 3209 (1999) TCOL. S. Hung 
RtfC. W. Tangle*-*), r#«affi585t^-f *- h'©P 
SIC* It •5-1' 7i- (Interface engineer 

ing in preparation of organic surface-emitting dio 
des ) J .£-£n-6ft#S8£nfcV»„ d<DCuPc«. ?J1£>*> 
KITO X/^y^U >^^n-feXtr<fcoTe#S®iiiS©P^ 
I^<nA-7 7 7tLtW5. bri>U CuPc 

ei*. Aiq ^t*cmTaA/\'U7^^BKb, immcu 

20 Pc« + T©«^-#— ;PW»fc©«Jini*3fci;. EL^W 

'>£it\ ^^^^Ea^-B-^fcfelCfSCuPc/Alq #® 
CD £ Z\ 5 ICLi £SgAT& £ t ##57? » o 7c. 
[0 0 0 5] 0LEDtt«««»CjtbT*1ltK»^«5SttS 

ffibfclTO 7^;i/A*ffi^iiH flfiilS!CD|f3«£ 

• a*. *^fi»t»t*t»*^tt«o*{k**i;*. A*-y 

[0 0 0 6] 

[^*«*ftl,±5i:t5ai] OLED 

k:* uraatt*** < R-om&itan? & a«s t lts 

[0 0 0 7] 

[«H fc«>©^ft] dCOB^tt. (a) 

^i?^, (b) mm-i >zSx.t7 5><D±\z&2>&m®> 
jttf<c) mfB^sico±irii«$n. i. 2u±<Dmm 
m&&-rzmmM&'£h~?ti.z>mwjjv-\z\z&^TM 

40 fi£^n^>. 

[0008] *^BjT-w*^n-£.«jg«, i#>y^^ 

[0 0 0 9] 
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[ooio] *Kw<D&mt)v-} i ft.z*mw&miED& 
®.bmtz>o m\ziid^x. mm&ytmi- i o o %m 

MTJ-Y 1 0 4Sr±tCgBBbfe7tSjH4S«l 0 2 
€r^-r-5o 7/-n0 4t*V-Kll 0©^^. ^ 

12011 m\z. mmmiiwimm 122, 1 

2 4. &tf#«tt^iiii£g 1 2 6£^&„ *V-K«ifi 10 
#1 1011 ASIC. MgAgjigJf 1 1 2£Xrty?mmVtz 

no m 1 1 4£-g-A,T J &-5,, 0 4t*y-K 

1 lOtwratr. ^V-KIC^LT7/-h*^<tOiEW 

^V-H«m^fiij^Sl 2 6K«^£aAU IE?l 
A«7/-M 0 4 7&^IE?L^illg 12 2 tC£A£tt-5. 
lETL-ffi^WS^ta^Jf 1 2 4^5141, fttVT 

x.*)i>3r-*mai2n. mtytmrnvkry-vi 04^ 

«*102fI0. i«l:*V-HllO^IoTfta 
ins. ^Fj§HJS#£fflt^ «tt*H&^S^7/-h* 20 
ttT«fc^^t^5S^lt 3t«±gC*V-h*l 1 0 

[0011] m2\zm&fa\ir2>£. *f£w<D&mm.wt> 
y- h 2 0 0 ». nt, ^tes^&AJi 202, afjis 
>zJ^??<n±iz$>z>mmvk¥mw&mM2 0 

4. RtmfB&Jg/ICD±tCiEB£*lfeii0JJI2 0 6&m 
[0 0 12] if^>yii;^2 0 2te. fiiH 

z.L\z£.ixftm.-tz>z.ttf-(:zz>. s^-ry-yxy^ 30 
7;w*u^«. 7 frfi v ±m&m%.ifi%>±m'&. 

a, j-bv<y&. 2»uyA. ;pt*-;^A, xte-tyyA 
##s*i£„ 7 v ±m<&m\z\z. -?y*-yyA. # 

JI/v^A. Xhoy^yA. XttAU'i'AA^Sns. 
^±^#JStcli. ir'jyA. *?l-yA> i 
-nfcfyA, #b*'J:iyA. Xttr^t^A^in 

{&i±mmwt.&mm<DmMio. 2-2. on mote 

[0 0 13] lf-f>yii'^2 0 2lt tfliiSI© 40 

«, u 7 v\YM^L\%7)vts >)±my vit®fr*>m 

Xte7)l>tlV±mmtV!)fr Z>Z.£tfT-ZZ>. Z\ 

<D7)Vt>V 7y{tmzte, y-WfcU^yA, IvVcirY 

U7A, y-Wfc#uyA, y -WbA-t'v^A. x«y-y 
fttv^AA'^sn. T;u*US?<b%tti. &{b'J^y 

A. tfttMJOA. ^{b*U7A, SHtJUbf-yyA, 50 
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x teg^fc-t -> y a ate- £ n s « 7 ;i/ * u ±a y ? <m \z 

hay^yA, xtey WfcA'J y Atf^n, 7;u#'J 
±aK^(c«. ssfbTy^-yyA. i<t*jk>->A, 

coy yfl^BXte&ft^OJ^fiO. 2~2. Onm 
COlgfflTa&O. Aljf £>J¥#-te, 0. 2~4. OnmCOte 

[0 0 14] t«Mi^SI2 0 4H 8, 

»gws£^j£u *immzti-rz>&mmm&m&-?z>rc 

tb\Z, 5~4 0 nmCDteffitte-S. 

[0015] l*>u z\<D&mm\z&K%tm-?<ib2><D 

Tf. Kf«£/h£<U #y-F£il-5:>tgiI£ig|«>-5 
fci&fc, JB#r¥l. 2£UiCDj§9§:*-A*-3-Mf 2 0 

>^^fflbT2OC0«ifi^S:®S7t^W»S-ia!l^Lfe. Sg 
lC0«jg^«m^aASi:2 OnrnfOlfiA^ii 
5. 3§ 2 co^ti^i, IfSAI, 2 0nmfffii, S. 
#5 5 nmgMtvy*->yAJl;*><=>&-5. MTjCO^t 
fc. ^f&AgteO. 3 nmCOLiF JftO. 6 nmCDAl 

feemr^s. me, 2-o<nm-&te(Dft.¥¥f&z 
[0016] ?g 1 (omT&mz&K&m t&m&mzTn 

T. «SJxll 5 5 Onm O^fttCffl^TS) COiC^. 
T, SlCO^jg^ttfe^ck^e 0%OIWi3 0%CO 

Sii^s^T. ii co«^«c^<f7^->yAg^jisn 
iM-? ; bz\t\tm<%.m*. m%-\** 5 5 0 nmCOtCia 

-C. SS*^IS6 0 %fr<Z> 3 0 %IZ<gTL. fflJCbTS® 
m\t3 0 6 0 %\zmtQ-t2>o 3tSia^C03S:»«> 

[0017] m3\z&wm<Dmtfxm\zmi>T&mm&n 
Tsrcfet'. 1. 2 a±oH»f*s*r*t»rtioaw 

7yitWl\Z\Z, y -Wfc'J^yA. y-v^T^ 

^yyA. y y-ft*;u-yyA. y-y^kx hay-^yA, 
itmm. xtts<tyj^z7A*^iH5. tuxti 

[0 0 18] 0 3K&tffc&«&3B&m#*f©flSK:'b, 
^-CO*j!|£f^jtBI-r2)?SSco«i:Cl^.TSH^-e^0, -£-CO« 

wtSioTfciu. o-t7fjP7i-;n; 
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7i^7S XNPB) Rtf HJX-<8-t: HP + y+y 
U» 7;PSx^A(Alq) &. d©ffl&Ttt8FjgT& 

[0 0 19] 0 4tCtt. *f?ii:tl£oTM$n5Si 
fSft^rtUSSfty-r H4 o otfig^sttTi^s. lid 

T, 35^4 0 OttS#4 0 2£#U -eco±^Ty-h* 
*«tSftTl»«. #«383tt«ift#4 2 Ott, # 
«IE?L«li£Ji 4 2 2, *rffi$SlftJI 4 2 4, Rtf Wfii^ 
te§4 2 6*#A,T?/«C*. d<7);8tjg#tt, *V-H4 
1 Odi«^aAS5S4 1 2, #igBJ!&)gJf 4 1 4R^'> 10 

ft<&fei. 2roja^f^s*-r^.SBje4 i 6^e^^ 

HOT. 01O^*ft^i«ESiJ^n-5 o 
[0 0 2 0] t y - H 4 0 4 t^J y— h* 4 1 o ©iwk, 

OK£nr&v>) £EP}raT5<t. *v-nio 

ttm^<ti£Jf4 2 6 fcm^taAU ZE?U!>*7./- F 4 
0 4 3^eJE7LM%JI 1 2 2 fcSASn*. iEJL-S^S 
*S£tt?SftJf4 2 4F*IT5££L, 5!£tLTI^M-*5 
J&tB£*l. ftttftjgj®tt7/-h*4 0 4tSft4 0 2^ 20 
10. M«C*V-H4 1 O^jlc-TifctB^tlS. 
M3S*Sfflv», &tt*l?&&R#7/-K<hLTttfc£> 
t»T«r»*»^tt. 3ttl4±«*V— H4 1 oa^cD^-iifctti 

[0 0 2 1] *#4 0 2 «m^,WlCiSsfeiigt$nT*3 0, ft 

[0 0 2 2] S#4 0 2 \tiJ ^ 7.Wf ^ 7.9- v * V * 

^•5. -?-ntt. Si. Ge, GaAs. GaP , GaN . GaSb, InA 
s. InP . InSb. &.tfAl, Ga,-, As CCT, x ttO~ 

«fc5&*»WS#i'&*i:ia*T?**. ifi:4 0 2H 

Aftlc H-^SntS^O^fntfcJ;^. 1*4 0 2 
tt. Sfflbfc^STfe. XttSHfc^-fiiiXttgfl^'f §Sf 40 

^<-^©fflj£Ttt, *3»#:0— gB£XU;7 h 
D ;U 5 * -fe > h Sl^ COS* t VXm ^ -S> d £ . 

[0 0 2 3] 7/-H4 0 4tt«*ttiSf!ttJia>5JBlR 
^ni.. g#<h±^miS£MLTEL;&ffi£@T.PI£;fcJ6 
fctt, i4 0 4l^Sitt4<a£l/K EU&tii£JbSI$m 
I5IUT14Il©i&, if 4 0 4 

tt&t,>©T, 4. 2 e VJ=D*#£tt*H»£*r-rS& 50 
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££*«T!**. £©&JRfctt. -fU5*>Z». t'jy 

tt£«MMfc*Ktt. OvOA-Ji^+yK, 7Jl^x 

^>**->K, Xtt# F5->A-li**^H*««**l 

[0 0 2 4] #*BELSH 1 ©:OtJftj£B 4 2 2 tt, 
£fe lffl©IE?L®^*^H)STS>$^*-r^. C 

1 dliff«0-lT$5) lCfc^t^$nfc'»i< £ 
fclOCOHffiCD^^H^^^^k^TfeS. — 
IBTtt. d©3?MdgHi&7 5>tt, T'J-;P7 5> 
(t*J;ltt, 7 'J -JUTS >, >*7'J-JP7S>, h 
'J 7 U -^7 5 >Xtt# U 7 U -;U7 5 > t tt Z Z. h Hfi 
AM*tyv-HJ7iJ-^7S>lt KIup 
fel ^CD*ffl!ftffFgl3, 180,730 JtBUflSfcAftttdBBtt 

tt*^##S^#-r^.^Hi^7 5>^, Brantley^© 
*S^fF^3, 567. 450 ^RC/|^3, 658, 520 ^?^*ffl»tC|5 

[0 0 2 5] W«EL* : ?C0;i'5^->'-fe> M4 2 4 »C« 

•&^Ti^C-5„ «fll©«^f«, N'JX (8-=^/'J^-h) 
7;U5n^A(Alq) T'*D, ZintSffinfci^mi^JUS * 

Tang^<D*H#fF^4, 769, 292 ^Bgijiffl#tc«. 
*X hW^tbTAlq S-fflt,i-5EL^?CD^-&C0, dOH 
A*i*^0i¥«fflfclH«t$nTti-5. 
[0 0 2 6] *%W©*m3il ; f»«^ti2IS4 2 6* 
Jgfi£-rs©frfflt,iSfiF*Lt/^!^tt. **y>-!-ng* 
CD+U-h (— ^S69IC. 8 >J /-;Wt>L< tt8 - 
tKn+y+/iJ>ttl,i5) ^^O^S^U-h-ft^- 
tS'y'f Hft*«lT*«. C©«t5&^«»tt. MJjL 

[0 0 2 7] *3BW©**aW*V-Htt. flS©XH» 
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HaA5*7t> bsJH^C&t^TfcigfflT^-S. — O© 

-Bim&<D<hzmmt&ft i ?5Zft?'( *- h »::*■©«£ 5& 

[0 0 2 8] 

3 e * :£© J: 5 tr BS b x*-r . 
ITO:-f>^AXXtfti 

NPB : 4, 4' -h*X [N- ( 1 -tJ-?^) -N- 

7i^7sy) \iyx.-)i (jetlMj&ji) 

Alq-.h'JX (8-*;U/7h-Nl, 08) —T 

jus.- o& (.m^mm.m ■, cz.x-\tm^rz^mtn 

MgAg: ^Wit 10:1 ©7^v"5A : & (#V— 
H) 

Ag:i (*V-h*ro®«JSfeT:^/h$<-r-5.fci>6tA 1 

©-htcitw^n-s) 

A 1 : -^7A (L i F©±(CJt«$tl-5) 

L i F : ^-.yft'J^A («^HIB©±IC*asn, 

[oo2 9) mm^m^omm 

a) I T0 3— H#7X©3fcSatt7/-HSmK©i!fe 

b) 7 5 nmJP©NPBIE?L$lj£JI£. ii*Of»3l)l«C 
ioT I TO-#5X±K:!K»Ufc ; fit 

c) 7 5 nmJPOA 1 q« : Ft*atl.^f»teJB*. ®#© 

±iE«jft#fcmT©&0y©S#*J&£ LT«fc6£. IT 
0 /NPB(75) /Alq(75) tB&tB-TS. 

[0 0 3 0] MA 
ti56Mf«*OJ:5l:i»l/ft :MgAg*V-HfcS 
«©f»^SFC«koT2 0©V-7.(Mg £Ag) d^MSS 
##l0fc©Alq(75) I±l:iWS!!!2 0 0 nmtasST 

[0 0 3 1] ffiJB 

«©tlSi:«koT2o©y-x(Mg tAg) ^SfljiBfi 
##b«©Alq<75) H±KUP*3&«» 1 0 nmift^STl 
*fU -t-OftiWliftX/ty^U >^t'J:^TIT0 BSE 
©sSl^MgAgA'y 7 7-I©±l:^-l/-f LT. 

[0 0 3 2] MC 

*»CJ;oTl»E***lJ*©Alq B±fc:JP*a«2 0 nmi 
&*£Tf&i£U ^(DmeO e*^©Ag@©±tZjP*-^ 
5 6 nmt&^iTliLfc. 
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[0 0 3 3] MJ2 
^%7t^^^cD«i;5fC«li6bfc : LiF m&m&om 
^*t'±oTMfEa*«^©Alq @±fcP*7!»i0. 3n 
mtft5STl*L, 1^0. 6 nm©AlB£;i©Li 

f s©±fc^«L, ^©^go m&z.<Dh\m<D±\zm& 

[0 0 3 4] Ml. 

mm&ftm?*&<D&o\zffimvtz : ljf ji^mst©!?* 

^»tC±-s)TBafeS*ffifiK09Alq Jf±lCjp<*.7!><0. 3n 
10 mt&5iTif L. JS***0. 6 n m©AlJI£ £ ©Li 
F B©±IC$&»U *flD«Ag)i*iOLiF B©±l::J»#. 
d«2 0 nmiJiSiTlfLf;. 

[0 0 3 5] MZ 
*«5fiJt*?**©J:5K:«*Ufc :LiF JI£iI#©& 
M%\Z£-oTMm&*ffil$.<Dk\Q l±tf**t0. 3n 
mi&SStlfL, JP#-#0. 6 nmOAlSSrdCDLi 
F If ©±lCi£;*U JP#-rt<2 0 nm©Ag®£Cl©LiF JI 
©±Kj£*L,. -e©*£Mg0 JI£JP<*.#5 6 nmttSS 
TE©AgJi©±ICpg;SLfc„ 
20 [0 0 3 6] MG 

#^7t*^?r^:©J:5f'«^bfe : LiF B£ffi#©f& 
^*l'«fcoTftjf2S#«fi£©Alq S±lcP^*i0. 3n 
mirSStTltL, P^0. 6 nm©AlJf£ £©Li 
F g£D±tC^*L. m&tf2 0 nm©Agg£-Cl©LiF B 
©±l::^*U ^g-cD&Alq m&Bfrtfl 0 0 
^Td<DAgBO±fC^bfc. 
[0 0 3 7] «BT««««»*«*aK:«SE$nfc*«. 

30 oTgffcuitt«f)^TJb5. 7/— Hi:* V— HAD 
M . 7 y - H **# V - H K*t LIE t £ <k ? icBtt 

ttitjE © p# t mm t )v = * y -b > x © m % & mis. l . 

m 5 ~ 8 K^To 
[0 0 3 8] 0 5 <h6^m-5i:. #5g0J©3?M5l7fl)LED 

S^T. flSSSS 1 0 OmA/cm' IdiUjif-S© 

tr^s^miEtt^jFiB©^?©^^. fnfns. 5 

Vtl2. 2Vtife5. 3^1:, 1 0 0mA/cm'©<h^^) 

40 t-ito -•tf7X(D±.\z&m-3-7-<< yifm^m^rz±.m> 

»W£n*3fc©W*tt, flFiBOJfFO* 
£\ fn^n2 6 4 0cd/m' tl 8 4 0cd/m' 
[0 0 3 9] i7i8Ttt, «IF. C. DS^E*^# 
&ftfcte*£5K-r . *^B^©^®5!3t0LED©«^!t#ttR 
i^7jtfcBje,*M3Ag/Mg0 . LiF /AI/ 
MgO, XteLiF /Al/Ag©&&3#V- H#tf££*rr5 
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